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(a) Decoder II and the equalizer at Eb/N0 = 4dB
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(b) Decoder II and Decoder I
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Fig. 2. EXIT charts for the three-stage SISO system.
system. For more details on this 3D-to-2D projection
operation, please refer to [12], [13].
The EXIT curves of the MMSE equalizer and De-
coder I are also shown in Fig. 2(c), where the classic
maximum free-distance RSC(2,1,3) code [14] having
the octal generator polynomials of (5/7) was ﬁrst used.
It can be seen that the projected EXIT curve intersects
with that of the RSC(2,1,3) code at Eb/N0 = 4 dB.
To be speciﬁc, the Eb/N0 convergence threshold is
approximately 4.1 dB for this system setup. Other RSC
codes having different constraint lengths and generator
polynomials were also searched, and the RSC(2,1,2)
code having the octal generator polynomials of (2/3)
was found to offer a lower convergence threshold of
about 2.8 dB, despite its lower complexity. The EXIT
function of this RSC(2,1,2) code is also shown in Fig.
2(c).
As for a traditional two-stage turbo equalization
scheme, the EXIT curve of the MMSE equalizer and
that of the outer code are used for analyzing the asso-
ciated convergence behaviour. As seen from Fig. 2(c),
the EXIT curve of the MMSE equalizer cannot reach
the convergence point of (1,1) and intersects with the
EXIT curve of the outer RSC code, which implies that
residual errors persist, regardless of both the number
of iterations used and the size of the interleaver. This
explains the Bit-Error Rate (BER) performance bound
of the traditional two-stage turbo equalization scheme
[2], [5], [6]. On the other hand, if the inner MMSE
equalizer and the intermediate decoder are viewed as
one joint inner SISO module, then the projected EXIT
function of Eq. (5) is the EXIT function of this module,
which is capable of reaching the convergence point of
(1,1). As long as there is an open tunnel between the
EXIT curve of this joint inner module and that of the
outer decoder, the three-stage concatenated system is
capable of converging, achieving inﬁnitesimally BERs.
Let us now elaborate on the desired features of
beneﬁcial EXIT characteristics and on how they can
be designed for the sake of matching those of the
other components in the system. According to the area
properties [11] of the EXIT charts, the area under the
EXIT curve of the inner MMSE equalizer is approxi-
mately equal to the channel capacity attained, when the
channel’s input is uniformly distributed. Furthermore,
the area under the EXIT curve of the outer code is
approximately equal to (1-RI), where RI is the outer
code rate. Although these properties were only proven
for the family of binary erasure channels (BECs) [11],
they have been observed to hold for AWGN and ISI
channels [7], [10], too. More explicitly, let AI and
¯ AI be the areas under Tc1(i) and its inverse T−1
c1 (i),
i ∈ [0,1], respectively, which are expressed as:
AI =
Z 1
0
Tc1(i)di, ¯ AI =
Z 1
0
T−1
c1 (i)di = 1 − AI.
(6)
Similarly, we deﬁne the areas AII and ¯ AII for Tp
u2(i),
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